Hepatic arterial infusion chemotherapy · Hepatocellular carcinoma · Low-dose 5-fluorouracil and cisplatin · Portal vein tumor thrombus · Sorafenib Abstract Objective: To investigate the validity of hepatic arterial infusion chemotherapy with low-dose 5-fluorouracil and cisplatin (LFP) versus sorafenib as first-line treatment for hepatocellular carcinoma (HCC) with portal vein tumor thrombosis (Vp3, Vp4). Patients and Methods: We retrospectively reviewed the cases of Child-Pugh A advanced HCC with Vp3 or Vp4 treated with LFP or sorafenib between October 2002 and December 2013. Results: There were 32 patients in the LFP group and 14 patients in the sorafenib group. The objective response rate/ disease control rate was 31.3/56.3% in the LFP group and 0/28.6% in the sorafenib group. The median survival time (MST) (309 vs. 120 days; p = 0.009) and the median time to treatment failure (109 vs. 37 days; p = 0.022) were significantly longer in the LFP group than in the sorafenib group. In the LFP group, a relatively favorable outcome (MST, 622 days) was obtained among the response cases. Among the nonresponse cases in the LFP group, at the time of cessation of LFP, 70.4% of cases were Child-Pugh A and 88.9% of cases maintained a score of ≤ 7 points; of the cases in whom Child-Pugh A was maintained, the survival period from the time of LFP discontinuation was significantly longer in the cases in whom sorafenib was introduced as a secondary treatment after LFP than in the cases treated with best supportive care
Introduction
Sorafenib is a multikinase inhibitor that slows tumor cell growth and suppresses neovascularization [1] . Two phase III trials have shown a survival benefit of sorafenib in advanced hepatocellular carcinoma (HCC) [2, 3] . In addition, a subanalysis of the Study of Heart and Renal Protection (SHARP) trial showed a survival benefit of sorafenib in HCC with macroscopic vascular invasion [4] . Currently, sorafenib is the standard treatment against ChildPugh A advanced HCC with portal vein tumor thrombosis.
In Japan, hepatic arterial infusion chemotherapy (HAIC) is frequently used against advanced HCC with portal vein tumor thrombosis, with a high response rate of 33-48% and favorable survival periods in cases showing a response [5] [6] [7] . For this reason, the treatment is cited as an option in consensus-based guidelines [8] . Low-dose 5-fluorouracil and cisplatin (LFP), administered after placement of a reservoir catheter system, is a relatively commonly used regimen [5] [6] [7] . While its benefits have not been confirmed in phase III trials, it is often used in anticipation of its tumor reduction effect, even since the advent of sorafenib.
The prognosis of HCC with macrovascular invasion, namely Vp3 (tumor thrombus involving the first branches of the portal vein) and Vp4 (tumor thrombus involving the main trunk of the portal vein), is extremely poor [9, 10] , and the efficacy of sorafenib is limited [11, 12] . Therefore, defining an effective treatment is a high priority. In consensus-based guidelines in Japan, sorafenib and HAIC are the 2 treatment options for HCC with Vp3, while only HAIC is considered for HCC with Vp4. However, on a global scale, sorafenib is considered the only standard treatment for macroscopic vascular invasion [13] . Yet, clinically it is an extremely important decision whether to initially use sorafenib, which is the global standard, or HAIC, which has a high response rate.
In this study, we investigated the validity of initial treatment with LFP for Child-Pugh A advanced HCC with Vp3 or Vp4. This paper describes the results of a comparison between cases treated with LFP and cases treated with sorafenib.
Patients and Methods
We conducted a retrospective study of the results of cases using LFP as the initial treatment, compared with sorafenib cases, for Child-Pugh A advanced HCC with Vp3 or Vp4 during the period from October 2002 to December 2013. The inclusion criteria were as follows: (1) clinically diagnosed HCC with Vp3 or Vp4 as determined by blood testing (viral markers, tumor markers) and dynamic contrast-enhanced computed tomography or magnetic resonance imaging; (2) Child-Pugh A; (3) Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 or 1; (4) white blood cell count ≥ 2,000/μL, hemoglobin ≥ 8.0 g/dL, and platelet count ≥ 6.0 × 10 4 /μL; (4) inability to undergo surgical resection, or refractory to or unsuitable for transarterial chemoembolization; and (5) no concomitant use of other treatments. LFP was chosen before sorafenib became commercially available. After sorafenib had become available, both options (LFP and sorafenib) were explained to each patient, and treatment was decided based on the patient's choice.
LFP Administration
LFP was administered following placement of a reservoir catheter system, up until the fourth week, in accordance with a previously reported regimen [7] consisting of 4 cycles of intra-arterial infusion of cisplatin (10 mg in 1 h), followed by 5-fluorouracil (250 mg in 5 h) on days 1 through 5, and cessation on days 6 and 7. For the fifth week onwards, it was administered once a week on day 1 only. Treatment was continued until tumor progression occurred or adverse events impeding continuation developed.
Sorafenib Administration
Generally, administration was commenced at 800 mg/day, with rest periods and dose reductions implemented in the case of adverse events. There were also cases in whom administration was commenced at 400 mg/day, at the primary physician's discretion. Dose escalation was attempted whenever possible. Treatment was continued until tumor progression occurred or adverse events impeding continuation developed.
Additional or Subsequent Therapy
Additional or subsequent therapy was indicated for patients with a PS of 0-2 or Child-Pugh A or B, or those who maintained bone marrow function/renal function. However, the condition where Child-Pugh A was maintained was set to be required for introducing sorafenib following LFP. When the therapy was effective and an improvement (e.g., downstaging) was obtained, surgical resection, radiofrequency ablation, or transarterial chemoembolization was performed. On the other hand, when the therapy was not effective, HAIC (a single shot of cisplatin, continuous infusion of 5-fluorouracil, continuous infusion of 5-fluorouracil with subcutaneous interferon injection), oral administration of tegafur and uracil, or radiation therapy was performed based on the patient's choice.
Evaluation and Statistical Analysis
Therapeutic efficacy was assessed with contrast-enhanced computed tomography every 4-6 weeks. Response Evaluation Criteria in Solid Tumors (RECIST) v1.0 was used for an assessment of direct antitumor effects, and the objective response rate and the disease control rate were calculated. The Kaplan-Meier method was used to analyze overall survival (OS), median survival time (MST), and time to treatment failure (TTF), and the log-rank test was used to compare between the LFP group and the sorafenib group. TTF was defined as the period up until treatment discontinuation due to tumor progression, or discontinuation due to adverse events. The factors contributing to survival were identified using univariate and multivariate analyses. p values <0.05 were considered to be statistically significant. Factors with p < 0.10 in the univariate analysis were considered for entry into the multivariate analysis. We looked at the Child-Pugh score at the time of discontinuation of initial treatment and determined changes as compared to before treatment as well as secondary treatments. The Kaplan-Meier method was also used to analyze survival times for those cases in whom Child-Pugh A had been maintained at the time of discontinuation in the LFP group and sorafenib was chosen as the secondary treatment, and those cases in whom best supportive care (BSC) was chosen. SPSS v19 was used for all analyses.
This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Shizuoka Cancer Center.
Results
The patient characteristics are shown in Table 1 . There were 32 patients in the LFP group and 14 patients in the sorafenib group. The initial dose of sorafenib was 400 mg in 7 patients and 800 mg in another 7 patients. The median age was 65 (40-81) years in the LFP group and 68 (53-82) years in the sorafenib group. Most patients were men (male/female ratio, 29/3 in the LFP group and 12/2 in the sorafenib group). The number of patients with a PS of 0/1 was 19/13 in the LFP group and 6/8 in the sorafenib group. There were significantly more Vp4 patients in the sorafenib group than in the LFP group (Vp3/Vp4 ratio, 25/7 in the LFP group vs. 5/9 in the sorafenib group; p = 0.008). There was no significant difference in extrahepatic spread (EHS) between the 2 groups (EHS+/EHS-ratio, 7/25 in the LFP group vs. 5/9 in the sorafenib group; p = 0.567). There were no differences in the main tumor size or tumor burden (the relative rate of tumor occupying the liver) between the groups (main tumor size, p = 0.567; tumor burden, p = 0.801). In addition, there was a significant difference in viral markers between the 2 groups (hepatitis B virus/hepatitis C virus/non-B non-C, 12/7/13 in the LFP group and 4/8/2 in the sorafenib group; p = 0.0495).
The number of complete response (CR), partial response (PR), stable disease (SD), progressive disease (PD), and not evaluated cases was 1, 9, 8, 12, and 2 in the LFP group, and 0, 0, 4, 7, and 3 in the sorafenib group. The objective response rate and the disease control rate were 31.3 and 56.3% in the LFP group, and 0 and 28.6% in the sorafenib group. The analysis of the relationship between direct antitumor effects and main tumor size showed that in the LFP group, the cases in whom the main tumor size was relatively small tended to respond to therapy (CR, PR/SD, PD [main tumor size ≤ 74.7 vs. >74.7 mm]; 8/2 vs. 2/20; p = 0.040), whereas there was no relationship between direct antitumor effects and tumor burden (CR, PR/SD, PD [tumor burden ≤ 50 vs. >50%]; 7/10 vs. 3/12; p = 0.197). Figure 1 shows the OS ( Fig. 1 a) and the TTF ( Fig. 1 b) for the LFP and sorafenib groups. The MST (309 vs. 120 days; p = 0.009) and the median TTF (109 vs. 37 days; p = 0.022) were significantly longer in the LFP group than in the sorafenib group. In the LFP group, a relatively favorable outcome (MST, 622 days) was obtained in the response cases ( Fig. 1 c) . Figure 2 shows the OS for the LFP and sorafenib groups according to Vp3/Vp4 and EHS+/ EHS-. While there was no significant difference between Vp3 and Vp4, the LFP group tended to show longer survival times (MST of Vp3, 309 and 221 days for the LFP and sorafenib groups, respectively, p = 0.384; MST of Vp4, 412 and 94 days for the LFP and sorafenib groups, The numerical data represent the numbers of cases or the median values. Tumor burden means the relative rate of tumor occupying the liver. EHS, extrahepatic spread; HBV, hepatitis B virus; HCV, hepatitis C virus; LFP, low-dose 5-fluorouracil and cisplatin; NBNC, non-B non-C; PIVKA-II, protein induced by vitamin K absence or antagonist II; PS, performance status; TACE, transarterial chemoembolization; Vp3, tumor thrombus involving the first branches of the portal vein; Vp4, tumor thrombus involving the main trunk of the portal vein.
respectively, p = 0.057). In the EHS-group, the prognosis was significantly more favorable in the LFP group (MST, 412 and 217 days for the LFP and sorafenib groups, respectively; p = 0.037). However, in the EHS+ group, there was no difference between the LFP and sorafenib groups (MST, 117 and 120 days, respectively; p = 0.272). Figure 3 shows the survival curves for the LFP group, for cases in whom Child-Pugh A was maintained at the time of discontinuation due to PD or adverse events, in BSC cases or following introduction of secondary treatments such as sorafenib. The prognosis was significantly favorable in the sorafenib group as compared with the BSC group (MST, 220 and 89 days, respectively; p = 0.002).
Univariate analysis revealed PS, Child-Pugh score, EHS status, main tumor size, protein induced by vitamin K absence or antagonist II level, and initial treatment as significant factors contributing to OS. Multivariate analysis revealed PS ( p = 0.017, hazard ratio [HR] 2.660, 95% ( Table 2 ) . In terms of grade 3 or higher adverse events, cytopenia was common in the LFP group, whereas in the sorafenib group, there were high numbers of hepatic function deterioration and systemic fatigue. In the sorafenib group, discontinuation of treatment due to a decline in PS was seen in 1 patient. Discontinuation due to adverse events was significantly more frequent in the sorafenib group than in the LFP group (7 vs. 3 cases; p = 0.002) ( Table 3 ) . Table 4 shows the Child-Pugh score in the LFP and sorafenib groups at the point of discontinuation due to adverse events or tumor progression. Patients whose Child-Pugh classifi- cation was degraded from A to B, and those who had worsening Child-Pugh scores of ≥ 2 points were seen more commonly in the sorafenib group than in the LFP group ( p < 0.001 and p = 0.002, respectively). Furthermore, secondary treatments were introduced more often in the LFP group, and sorafenib was the most commonly introduced treatment. In contrast, BSC was chosen in most cases in the sorafenib group.
Discussion
HCC with Vp3/Vp4 has a poor prognosis [9, 10] , with expected outcomes being rapid deterioration of hepatic function and an associated decline in PS, and it is not uncommon for treatment opportunities to be missed. Even with the introduction of treatment, if there is no effect and the disease condition deteriorates, it is expected that the introduction of secondary treatments will be extremely difficult.
Globally, sorafenib is the standard treatment for HCC with Vp3/Vp4, but its effect is limited [11, 12] , and from the perspective of adverse events, there is always the possibility that its full potential will not be realized. In our study, sorafenib treatment was associated with many cases of discontinuation due to adverse events and short TTF periods. With an MST of 4 months, our results cannot be said to be favorable. When sorafenib was ceased, the introduction of secondary treatments was difficult due to a decline in hepatic functional reserve, fatigue, and a decline in PS, as in previous reports [14] . In HCC with Vp3/Vp4, if the thrombi cannot be reduced, portal vein blood flow will decrease and hepatic function will be reduced further. Therefore, a treatment method with a strong tumor reduction effect is considered desirable for HCC with Vp3/Vp4.
The results with LFP in our study were a response rate of 31.3% and an MST of 10.3 months, which are similar to those in previous reports [5] [6] [7] . In response cases, relatively favorable prognoses were obtained [7] . With regard to cases in whom a response was not obtained, once sorafenib was introduced as a secondary treatment, and a more favorable prognosis was obtained as compared to the nontreatment group. At the time of discontinuation due to tumor progression or adverse events, in approximately 90% of cases, the ChildPugh score was maintained at ≤ 7 points, and it was thought that overall, sorafenib introduction secondary to LFP treatment was possible [15] . In the present study, for secondary treatments following LFP, regardless of the maintenance of hepatic functional reserve, BSC The sorafenib group is represented by a solid line and the best supportive care group by a dotted line. After discontinuation of LFP, the prognosis was significantly favorable in the group in which sorafenib was introduced as secondary treatment compared to the best supportive care group (median survival time, 220 and 89 days, respectively; p = 0.002). was often selected. The reason behind this choice was that many of the cases were treated prior to the advent of sorafenib. From the results of our study, it is thought that in HCC with Vp3/Vp4, an ideal treatment strategy is to first administer LFP in the hope of achieving extended prognoses with response cases, and for cases with no response, to promptly switch to sorafenib; in particular, in cases in whom the main tumor size is relatively small, LFP should The numerical data represent the number of cases. Figures in parentheses represent the number of cases showing a transient increase after the placement of a reservoir catheter. There was a significant difference in the rate of discontinuation due to adverse events between the LFP group and the sorafenib group. LFP, low-dose 5-fluorouracil and cisplatin. Table 3 . Grade 3 or higher adverse events and discontinuation due to adverse events be first administered for HCC with Vp3/Vp4 because a better response can be expected. In the future, it would be important to determine, at an early time, whether to change treatments and introduce sorafenib as a secondary treatment for all cases in whom no response has been obtained. On the other hand, when sorafenib was administered as initial treatment, secondline treatment could not be administered in many cases because of a decline in hepatic function or PS. Grothey and Sargent [16] defended that making all active agents available to patients with advanced colorectal cancer was important to improve OS. This might be equally true for HCC with Vp3/Vp4. In other words, not only sorafenib, but also LFP should be provided to HCC patients with Vp3 as per consensus-based guidelines. In contrast, for Vp4, consensus-based guidelines in Japan recommend HAIC [8] , while the Barcelona Clinic Liver Cancer (BCLC) guidelines recommend sorafenib [13] . However, neither of the 2 treatments alone provides satisfactory outcomes. Therefore, it would be desirable to provide both options. However, the outcome of this study suggests that LFP should be recommended as initial treatment for HCC with Vp3/Vp4.
In multivariate analysis, initial treatment was extracted as a significant factor contributing to OS. However, 6 patients received sorafenib as secondary treatment after LFP. For this reason, we compared the OS of LFP-treated patients who did not receive sorafenib as secondline treatment to that of patients treated with sorafenib alone. As a result, the former group had a significantly more favorable OS than the latter (MST, 309 vs. 120 days, respectively; p = 0.018). Therefore, LFP seems to provide a survival benefit for HCC with Vp3/Vp4. Furthermore, EHS did not remain as a significant factor contributing to OS, and in an investigation according to presence or absence of EHS, with EHS-, the LFP group had a significantly more favorable prognosis as compared with the sorafenib group. Therefore, when considering whether to administer sorafenib or LFP as a treatment method for advanced HCC with Vp3/Vp4, at the very least if the case is EHS-, it is thought valid to select LFP. The numerical data represent the number of cases. Figures in parentheses represent the total number of cases of discontinuation due to adverse events and tumor progression. 5-FU, 5-fluorouracil; C-P, ChildPugh; HAIC, hepatic arterial infusion chemotherapy; LFP, low-dose 5-fluorouracil and cisplatin; LN, lymph node; TACE, transarterial chemoembolization. 1 Continuous hepatic arterial infusion of 5-fluorouracil using a reservoir catheter system. Table 4 . Child-Pugh score at the time of discontinuation due to tumor progression or at the time of discontinuation due to adverse events (a) and secondary treatments (b) In subanalysis, in which the Vp3 and Vp4 groups were analyzed separately, there was no significant difference in OS between the LFP and the sorafenib group. However, this is thought to be due to the small number of cases. With regard to Vp4, the sample size was small in this study, but the p value was 0.057. Therefore, a potential benefit of LFP for HCC with Vp4 as compared with sorafenib has been suggested.
The limitations of our study are the fact that it is a single-institution retrospective study with few cases, and also that the initial dose of sorafenib was not consistent. Nevertheless, with regard to sorafenib dose, there were a number of cases in whom dose reduction or discontinuation could not be avoided due to adverse events. Therefore, it is thought that even if all cases had begun with the full dose, the same results would have likely been obtained.
In conclusion, given that (1) overall outcomes were favorable, (2) analysis of each of the Vp3 and Vp4 cases showed that LFP treatment had the same or better outcomes compared to those of sorafenib treatment, and (3) adverse events were manageable and the introduction of sorafenib was possible as a secondary treatment in most cases, it was thought that it is a valid option to select LFP as the initial treatment for Child-Pugh A advanced HCC with Vp3/ Vp4.
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